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Studies regarding the effects of high protein (HP) diets on cardiovascular (CVD) risk factors have reported contradictory results.
We aimed to determine the effects of an HP diet on CVD risk factors and high-sensitivity C-reactive protein (hs-CRP) among
overweight and obese women. In this randomized controlled trial, we recruited 60 overweight and obese women, aged 20-65, into
an HP or energy-restricted control diet for three months (protein, carbohydrate, and fat: 25%, 45%, and 30% versus 15%, 55%,
and 30%, resp.). Total protein was divided between animal and plant sources in a 1:1 ratio, and animal sources were distributed
equally between meats and dairy products. Fasting blood samples, hs-CRP, lipid profile, systolic and diastolic blood pressure, and
anthropometric measurements were assessed using standard guidelines. Percent change was significantly different between the two
diet groups for weight (standard protein (SP): —3.90 + 0.26 versus HP: —6.10 + 0.34%; P < 0.0001, resp.) and waist circumference (SP:
—3.03 + 0.21 versus HP: —5.06 + 0.28%; P < 0.0001, resp.). Percent change of fasting blood glucose (FBG) substantially decreased
in the control group compared to the HP group (-9.13 + 0.67 versus —4.93 + 1.4%; P = 0.01, resp.). Total cholesterol, systolic blood
pressure (SBP), and diastolic blood pressure (DBP) decreased both in the HP and in the control diet groups (P = 0.06, P = 0.07, and
P =0.09, resp.); however, the results were marginally significant. Serum levels of hs-CRP were reduced both in the control (-0.08 +
0.11%, P = 0.06) and in the high protein groups (—0.04 + 0.09%, P = 0.06). The energy-restricted HP diet resulted in more beneficial
effects on weight loss and reduction of waist circumference. CVD risk factors may improve with HP diets among overweight and
obese women. When using isoenergetic weight loss diets, total cholesterol, hs-CRP, and SBP were marginally significantly reduced,
independent of dietary protein content. This trial is registered with ClinicalTrials.gov NCT01763528.

1. Introduction developing countries [2], both in adults and in adolescents

Obesity is a chronic disease that is influenced by an interac- 1> 7). Recent research suggests that prevalence of obesity is

tion between both genetic and environmental factors [1, 2].
Obesity has emerged as one of the greatest public health
problems in the last century [3] and is a leading cause of many
other chronic diseases, including hypertension, dyslipidemia,
inflammation, type 2 diabetes, cancer, and cardiovascular
disease (CVD) [4, 5]. In parallel with the development of
obesity, production of adipose tissue derived proteins, such
as C-reactive protein (CRP), is usually increased. Elevation
of CRP might lead to insulin resistance and CVD [6]. The
worldwide prevalence of obesity is rising in developed and

increasing in Iran, especially in women [5, 8].

Moderate weight loss diets, those leading to reduction of
5-10% in body weight, have beneficial effects on CVD risk
[9]. According to some investigations, high protein, calorie-
restricted diets enhance weight loss, by producing more
satiety and reduced energy intake [10, 11] as well as decreased
loss of energy expenditure and greater thermogenesis [12, 13].
Many studies have compared the effects of high protein (HP)
diets on glycemic control, lipid profiles, and weight loss to
other types of calorie-restricted diets [10, 11, 14, 15]. However,
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results have been contradictory. Some studies have suggested
that HP weight loss diets have more capacity to enhance the
lipid profile compared with other types of weight loss control
groups [14, 16]. In contrast, other studies showed similar
results when comparing high protein to normal protein
diets [11, 15]. Other research suggests more weight reduction
through HP diets both in the short term [15] and in the long
term [17]. Several studies have not shown differential effects
of diet composition (i.e., protein, carbohydrate, and fat) on
weight loss [16, 18].

Fewer studies have investigated the effect of HP diets on
inflammatory factors like CRP [16, 19]. Additionally, different
proteins are likely to have varied effects [16] since consump-
tion of high protein from animal sources, especially red meat,
might lead to insulin resistance, bone loss [16, 19, 20], and
hypertension [20]. The source of protein is important, and
a mixture of animal and plant sources may have enhanced
benefits. To our knowledge, recent studies have not evaluated
effects of the types of protein present in high protein diets.
Furthermore, examining protein intake derived equally from
dairy products and meat sources has not been considered in
prior studies. Rather, most high protein weight loss diets have
focused on animal protein with little attention to vegetable
protein intake. Given that few high protein trials have
considered the type of protein intake, we examined the effect
of an HP weight loss diet composed of 50% plant and 50%
animal sources of protein on body weight and cardiovascular
risk.

2. Subjects and Methods

2.1. Subjects. A convenience sample of sixty-three overweight
and obese women, referred to Isfahan Nutrition Clinic,
was recruited to participate in this randomized dietary trial
between February 2011 and July 2012. Then, simple random
sampling was used to randomly allocate subjects into two
groups. According to the formula, 17 subjects were needed
in each group for adequate power. Subjects were included
if they were between 20 and 65 years of age and had a
body mass index (BMI or kg/m*) of >25, were nonsmokers,
and had no history of renal, liver, and metabolic diseases
or type 1 or 2 diabetes. Women were excluded if they had
gastrointestinal, respiratory, cardiovascular, metabolic, liver,
and renal diseases, had macroalbuminuria, or were pregnant
or lactating. The study was explained to each subject, after
which written informed consent was obtained from all
participants. The study was approved by the Research Council
and Ethics Committee of the Food Security Research Center,
Istahan University of Medical Science, Isfahan, Iran. This
clinical trial is registered with ClinicalTrials.gov as number
NCT01763528.

2.2. Study Design. Women were randomly assigned to one of
the isocaloric energy-restricted diets (a 200-500 kcal reduc-
tion of total energy) for three months according to a parallel
design while matched on age, BMI, and medication use.
Participants were not aware of their dietary group assignment
at baseline (i.e., consumption of the high protein diet or
standard protein diet). The HP intervention (n = 30) was a
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weight loss diet with 25% of energy from protein, 45% from
carbohydrate, and 30% of energy from fat. The control group
(n = 30) followed a weight loss diet with 15%, 55%, and 30%
energy from protein, carbohydrate, and fat, respectively. The
total amount of protein was divided between animal and plant
sources in a 1:1 ratio. Also, animal sources were derived half
from meats (e.g., red meat, fish, poultry, egg, and other meat
products) and half from dairy products (including milk and
yogurt).

A dietician provided participants with individual regimen
consultation and instructions on dietary requirements at the
start and once a month throughout the study. No adverse
effects were reported by any participant during the study.
Participants completed three-day consecutive food records
before each visit. Energy and macronutrient intake was
analyzed by Nutritionist IV software. A 24-hour physical
activity record (in MET) was conducted at the beginning
and the end of the study. We used the Maroni formula
along with urinary urea nitrogen (UUN), as a marker
of protein intake, to assess adherence to the prescribed
diets.

2.3. Assessment of Anthropometric Measurements and Blood
Pressure. Every two weeks, participants were weighed to
the nearest 100 grams. Participants were weighed wearing
light clothing and without shoes after fasting overnight. At
baseline, height was measured using a measuring tape after
removal of the participants shoes. Body mass index (BMI)
was calculated by weight (kg)/height (m?). At baseline, on a
monthly basis and at the end of the study, waist circumference
was measured to the nearest 0.1 cm over light clothing at the
midpoint between the anterior superior iliac crest and the
lower rib at the maximum girth, using nonstretchable tape,
without any pressure to the body surface.

After 15 minutes of rest, we measured participants’ blood
pressure three times in the sitting position and recorded the
average of the three measurements. Systolic blood pressure
was defined as the appearance of the first sound, and diastolic
blood pressure was defined as the disappearance of the sound
(Korotkoff phase 5). Blood pressure was measured at week 0
(baseline) and week 12.

2.4. Assessment of Biochemical Measurements. Collection of
total 24-hour urine output commenced at 07:00 (except for
the first morning urine) at weeks 0 and 12. According to
standard protocol, fasting blood samples were collected at
baseline and week 12 while subjects were sitting. Samples
were centrifuged within 30-45 minutes of collection for
10 minutes at 500 xg and at 40°C. Samples were analyzed
using an autoanalyzer (Selectra 2; Vital Scientific, Spankeren,
The Netherlands). HDL cholesterol, LDL-c, fasting glucose,
and total cholesterol were measured using an enzymatic kit.
Triglyceride was measured with glutathione oxidase. High-
sensitivity C-reactive protein (hs-CRP) was measured using
ELISA and an enzymatic kit. Urinary urea nitrogen (UUN)
was determined based on the assessment of protein intake by
using the Maroni formula: (protein intake (gr/day) = UUN +
0.031 x weight (kg) x 6.25).
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FIGURE 1: Showing the participants flow diagram of the study.

2.5. Statistical Analysis. Baseline and end values of cardio-
vascular risk factors including weight, waist circumference,
LDL-c, HDL-c, total cholesterol, fasting blood glucose (FBG),
triglyceride (TG), systolic blood pressure (SBP) and diastolic
blood pressure (DBP), and hs-CRP in the high protein diet
and control diet groups were compared using paired ¢-tests.
Percent change in cardiovascular risk factors and hs-CRP in
the high protein diet and control diet groups were compared
using t-tests. Analysis of covariance (ANCOVA) was used to
adjust the effects of age, BMI, and medication use on CVD
risk. We used SPSS software (version 16.0; SPSS Inc., Chicago
IL, USA) for the statistical analyses. P < 0.05 was considered
statistically significant.

3. Results

Of the initial 63 participants in the trial, 3 dropped out due
to nonparticipation in the first regimen consultation (n = 3).
Thus, the study was completed by 60 participants (n = 30
subjects for the control group and n = 30 subjects for the
high protein group) (Figure 1). The mean (+SD) of baseline
BMI was 26.8 + 1.1 versus 27.2 + 1.2kg/m” in the control
and high protein groups, respectively (P = 0.10). The mean
age was 40.0 = 2.4 and 44.1 £ 3.1 years in the control and
in high protein groups, respectively (P = 0.09). Participant
adherence to the diets was assessed by analysis of 24-hour
food records. We also assessed compliance to the high protein
diet by using the Maroni formula, indicating that participants
had relatively good compliance. Medication use among the
subjects included Algomed (1 = 20 in both groups), venustate
(n = 6 in both groups), SlimQuick (n = 22 in both groups),
and Dine Bran (n = 26 in both groups). Physical activity level
was not significant at baseline (21.3+4.6 in control group and
23.0+4.9 MET-h/day in HP group; P = 0.34) and at the end of
study (26.1 £ 5.5 in control group and 25.2 + 5.9 MET-h/day
in HP group; P = 0.44). This was not significantly different
even during the study.

Baseline and end values of CVD risk factors and hs-CRP
in the high protein and control diet groups are shown in

Table 1. Most of the baseline variables were not significantly
different except for baseline weight and SBP (P = 0.01).
Baseline mean (+SD) for weight was 67.93+1.5 kgand 74.13+
1.00 kg in the control and high protein groups, respectively
(P = 0.01). After three months of the intervention, weight,
waist circumference, TG, FBG, and SBP were significantly
reduced in both the control and high protein diet groups.
Total cholesterol was reduced in the control group, which
was marginally significant (6.4 mg/dL, P = 0.07). However,
this reduction was not significant in the high protein diet
group (-2.9mg/dL, P = 0.24). Serum level of LDL-c was
substantially changed in the control group (-4.77 mg/dL, P =
0.04). However, this parameter was not significantly reduced
in high protein group (-2.7mg/dL, P = 0.14). We did not
observe any significant change in serum level of HDL-c either
in the control or high protein group (P = 0.32 and P =
0.45, resp.). We observed a marginally significant reduction
in DBP in the control group (—4.077 + 2.3 mg/dL, P = 0.05).
This reduction was not significant in the high protein group
(-1.2+ 1.8 mg/dL, P = 0.31). Serum level of hs-CRP reduced
in the control group after three months of the intervention
(2.91 + 1.81 mg/dL at baseline and 2.83 + 1.75mg/dL at the
end of trial, P = 0.05), which was marginally significant.
Percent changes of cardiovascular risk factors and serum
level of hs-CRP in the high protein diet and control groups are
presented in Table 2. The percent change in weight and waist
circumference was greater in high protein group compared
to control group (weight: —6.10 + 0.34 and -3.9 + 0.26kg,
P = 0.0001 in high protein and control groups, resp.;
waist circumference: —5.06 + 0.28 and -3.03 + 0.21cm
in high protein and control groups, resp.). Percent change
for the serum level of TG, LDL-c, HDL-c, and DBP was
not significantly different in the control and high protein
groups in crude models or after adjustment for potential
confounders. We observed a significant reduction in FBG
(P = 0.02) and marginally significant reductions in total
cholesterol (P = 0.09), SBP (P = 0.08), and hs-CRP (P =
0.07) in the control compared to high protein diet group,
even after adjustment for potential confounders. There was



TABLE 1: Baseline and end values of cardiovascular risk factors and
hs-CRP in the high protein diet and control diet groups'.

Variables COI(l:erI fg;’up Hgi;g:ulljgr?;einii;t P value?
Weight (kg)
Baseline 6793 + 1.5 74.13 +1.00 0.01
End 64.00 £ 1.5 68.03 £ 1.10 0.03
P’ 0.01 0.01 —
BMI (kg/m?)
Baseline 268 +1.1 272 +1.2 0.09
End 26.5+1.0 26.7 £ 1.1 0.29
P’ 0.10 0.07
Waist (cm)
Baseline 103.97 £ 1.2 102.27 + 1.6 0.41
End 100.93 £ 1.2 9720 + 1.5 0.06
P’ 0.09 0.05 —
Triglyceride
(mg/dL)
Baseline 177.03 + 6.9 179.47 + 6.9 0.80
End 170.70 + 6.9 172,40 + 71 0.86
P’ 0.04 0.03 —
FBG (mg/dL)
Baseline 112.93 + 3.6 119.50 + 3.1 0.20
End 103.80 + 3.7 114.57 + 3.1 0.03
P’ 0.03 0.07 —
Total cholesterol
(mg/dL)
Baseline 214.87 + 6.4 21290 £5.2 0.81
End 208.47 + 6.4 210.00 £ 5.2 0.85
P’ 0.07 0.24 —
LDL cholesterol
(mg/dL)
Baseline 113.20 £ 3.3 117.30 + 3.6 0.41
End 108.43 + 3.5 114.60 + 3.2 0.20
P’ 0.04 0.14 —
HDL cholesterol
(mg/dL)
Baseline 4220+ 1.6 4333+ 1.6 0.54
End 42.20 £ 1.04 43.63 £ 1.6 0.46
P’ 0.32 0.45 —
Systolic blood
pressure (mmHg)
Baseline 137.67 + 3.1 12773 £ 2.2 0.01
End 132.40 + 2.8 124.07 £ 2.3 0.03
P’ 0.08 0.09 —
Diastolic blood
pressure (mmHg)
Baseline 81.83+2.3 81.50 + 1.8 0.91
End 7776 +2.5 79.30 £ 1.9 0.63
P’ 0.05 0.31 —
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TaBLE 1: Continued.

Variables Cor(l’ir Zl 3g(§ ;)up I_g;g:uf)r?rtzei:n;(i)i;t P value?
hs-CRP (mg/dL)
Baseline 291+1.81 2.88 £1.76 0.77
End 2.83 +1.75 2.84 +1.77 0.54
P’ 0.05 0.18 —

IValues are mean + SEM.

*These P values resulted from -tests between the baseline values and also ¢-
tests between the end values separately; P < 0.05 was considered statistically
significant.

3These P values resulted from paired t-test between baseline and end values
in each group individually; P < 0.05 was considered statistically significant.

TABLE 2: Percent changes of cardiovascular risk factors and hs-CRP
in high protein diet and control diet groups after adjustment for age,
BMI, and medication use'.

Variables Control diet group HP diet group P value’
Weight -3.90+0.26  -610+0.34 0.0001
Waist -3.03+021  -5.06+028 0.0001
Triglyceride -6.33+19 -706 £ 14 0.76
Triglyceride adjusted -6.21+ 1.6 -6.37+13 0.83
Fasting blood glucose ~ —9.13 £ 0.67 -493+14  0.01
53;‘:5 ;lo"d glucose  _ge74056  —432+13 0.2
Total cholesterol -6.4+13 -29+12 0.06
Ig;jltce}:fle“e“ﬂ ~61+1.0 27+10  0.09
LDL cholesterol -4.76 £1.05 -2.7+0.20 0.20
LDL adjusted ~4.64 +0.97 ~26+010 0.4
HDL cholesterol 0.0001 + 0.5 03+047  0.66
HDL adjusted 0.0001 + 0.5 03+042  0.68
Systolic blood ~526+073  -3.66+047  0.07
pressure

Systolic blood -5.06+0.67  —-3.69+041  0.08
pressure adjusted

Diastolic blood ~4.06+0.84  -22+0.68  0.09
pressure

Diastolic blood ~401+078  -211+0.65 0.0
pressure adjusted

Hs-CRP ~0.08+011  —0.04+0.09  0.06
Hs-CRP adjusted -0.07+0.10  -0.03+0.09 0.07
BMI ~039+0.02  —0.57+0.03 0.0

T

Values are mean + SEM.
These P values resulted from ¢-tests between the control diet group and the
high protein diet group; P < 0.05 was considered statistically significant.

no significant difference between high protein diet group and
control group in serum levels of HDL-, after adjustment for
potential confounders (0.3 + 0.42, P = 0.68). Serum levels of
hs-CRP were reduced in both the control group (-0.08+0.11,
P = 0.06) and high protein group (-0.04 £ 0.09, P = 0.06).
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TABLE 3: Mean + SE of energy and nutrients intake of control diet and high protein diet during the study".
Variables Control group High protein group P values®
Energy (kcal/day) 2060 + 731 2099 + 796 021
Carbohydrate (% of total energy) 56.2+3.7 457 +15 0.01
Protein (% of total energy) 147 +1 239+27 0.01
Fat (% of total energy) 29.1+3.2 3114+29 0.31
Fiber (gr/day) 20.1+71 17.6 +7 0.17
Cholesterol (gr/day) 256 + 39 293 + 41 0.19
Whole grain (gr/day) 25.0 +0.11 20.1£10.5 0.09
Refine grain (gr/day) 219471 182 + 61 0.05
Fish (gr/day) 10.3+3.3 8.0+31 0.37
Poultry (gr/day) 261+3.9 499+6.1 0.01
Fruits (gr/day) 193 £ 66 153 £ 61 0.09
Vegetables (gr/day) 171+ 51 153 + 61 0.14
Nuts (gr/day) 52+13 99+2.4 0.01
Meats (gr/day) 231+4.9 451+5.6 0.01
High fat dairy products (gr/day) 257 £ 69 353 +123 0.01
Low fat dairy products (gr/day) 60 + 45 120 + 33 0.01
Legumes (gr/day) 63 +21 93 + 39 0.12

T
Values are mean + SEM.

These P values resulted from t-tests between the control diet group and the high protein diet group; P < 0.05 was considered statistically significant.

Forty-one percent and 16% of the patients in HP group
lost more than 5% and 10% of their baseline weight, respec-
tively. However, among the controls, 29% and 8% lost more
than 5% and 10% of their baseline weight, respectively.

Table 3 shows the dietary intake of both groups in detail
during the study.

4. Discussion

Findings of the present study suggest that a high protein
low-fat diet had more positive effects on weight and waist
circumference reduction compared to a standard high pro-
tein diet. However, the control diet conferred more benefits
on cardiovascular disease risk factors compared to the high
protein diet. To the best of our knowledge, this is the first
study to evaluate the type of protein composition and to assess
diets with protein sources from all animal types (both low-fat
dairy products and different types of meats) as well as plant
sources.

According to our study, the energy-restricted HP diet
had more beneficial effects on weight loss and waist cir-
cumference compared to the control diet. Numerous studies
have demonstrated favorable effects of HP diets on weight
loss [15, 17, 19, 21]. In this parallel randomized trial among
overweight and obese individuals, weight loss in subjects who
consumed a high protein low-fat diet (34% protein) was equal
to that of subjects who consumed a standard protein high-fat
diet (18% protein) [21]. While in another study, an HP meal
plan showed more beneficial effects on fat mass reduction
among obese adults but found no differences in weight loss
between HP and standard protein (SP) groups after 12 weeks
[11]. The energy-restricted HP diet (33% protein) combined
with resistance exercise for 16 weeks could have a larger

impact on weight loss and result in a larger reduction in
waist circumference compared with an SP diet (19% protein)
among overweight and obese patients with type 2 diabetes
[15]. Similar results have been observed in healthy obese
individuals [22, 23] and hyperinsulinemic men [24]. Greater
weight reduction following an HP energy-restricted diet
compared with a high carbohydrate diet may occur due to
increasing postprandial thermogenesis [12], as postprandial
thermogenesis has been correlated with content of protein
in a meal [25, 26]. Protein content in the diet can improve
appetite and hunger motivation [27]. A larger protein content
in the diet can reduce body weight by mediating more satiety
and energy intake reduction [10, 11]. One study demonstrated
that consumption of >1.6 gr/kg/day of protein may increase
the hypertrophic response to resistance exercise and increase
weight reduction maintenance [28]. As obesity, particularly
central obesity, is an important risk factor associated with
cardiovascular disease and metabolic syndrome [29], an HP
weight loss diet is a promising strategy for ameliorating risk
factors for CVD.

Although some prior published research by other inves-
tigators has found beneficial effects of high protein diets on
lipid profiles [14, 15, 30, 31], we did not observe these results
among the overweight and obese women in the present study.
Percent change of TG concentration decreased more in the
HP diet group compared with the control diet group in our
study but was nonsignificant. Previous research has shown
that HP diets can improve the lipid profile, independent of
weight loss [32]. Another study showed that consumption of
an HP diet with 33% protein for 16 weeks reduced TG, TC,
and LDL-c but showed no differences compared to the control
diet [15]. In our study, percent change in total cholesterol
marginally significantly decreased in both the HP and control



groups with greater reduction in the control group. Other
research has shown that the HP diet has had beneficial effects
in reducing LDL-¢c, TC, and TG and in increasing HDL
cholesterol after 64 weeks of weight loss [17]. Also, it has
been suggested that the HP content of the diet may result
in a greater improvement of TG level because of the diets
lower carbohydrate content [32]. In addition, another study
of diabetics reported greater improvement in the lipid profile
(TC, TG, LDL-c, and HDL-c) among diabetic patients who
adhered to an HP diet [30, 31]. In contrast, others have
found that improvement in the lipid profile can occur with
weight loss in the absence of dietary protein sources [19].
Noakes et al. showed that markers of CVD risk factors were
favorably affected by a weight loss diet with no difference
between the HP and control diet groups, except for the TG
level which reduced more from the HP diet [16]. Martinez et
al. revealed that low content of carbohydrate in the HP diet
can lead to reduced VLDL TG production [33]. In contrast
to the findings of the present study, the study by Wolfe and
Giovannetti reported greater reductions in TC and LDL-c
levels [32, 34], and a greater increase in HDL cholesterol [32]
has been observed, with no change in TG in response to
higher quantities of dietary protein.

In our study, the baseline of FBG in the HP diet was
substantially higher than baseline of FBG in the control
group. Percent change of FBG was significantly reduced both
in the HP diet and in the control diet groups, with greater
reduction in the control group after adjustment for potential
confounders. In a parallel trial which was conducted in over-
weight and obese hyperinsulinemic individuals, the glucose
response reduced 6.8% more in subjects who consumed an
HP diet (27% protein) compared with the SP group (16%
protein) after 16 weeks of a weight loss program [20]. Plasma
glucose concentration was significantly improved in both HP
and SP groups, with no difference between the two groups
[15]. Similar results have been achieved for long-term periods
of weight loss among healthy obese women [17]. A significant
difference was observed in FBG after 12 weeks of HP meal
replacement compared to the SP meal [11].

In our investigation, we were unable to find substantial
effects of the HP diet on blood pressure, although marginally
significantly reductions in SBP were observed in both diet
groups. In another study, HP content had no effect on SBP
and DBP in obese hyperinsulinemic patients [20]. In contrast,
some previous studies reported lower blood pressure after
weight loss, independent of dietary protein content [15, 19].
More research is needed to clarify the impact of HP diets on
blood pressure and FBG concentration.

Our results suggest marginally significantly improve-
ments in hs-CRP among individuals who consumed the HP
diet. CRP is a strong predictor of cardiovascular disease
which improves following weight loss and reduction of
insulin sensitivity [19]. In several studies, CRP concentration
has been shown to decrease with weight reduction, indepen-
dent of dietary composition [16, 17, 19]. Additional research
is needed to investigate the influence of HP diets on changes
in CRP.

We observed more improvements in CVD risk factors in
the control diet compared with the HP diet. Although we
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distributed the additional protein between plant and animal
sources, the animal protein sources were higher in the HP
group compared with the control group, such that it may
have unfavourably affected some CVD risk factors in the
HP group. Although our study suggested that there were
improvements in weight among HP groups, the effect of HP
diet on other CVD risk factors is not clear. Therefore, more
research is needed to more closely evaluate all CVD and other
chronic disease outcomes after adherence to an HP diet.

The present study had several strengths including the
fact that we examined the effects of a mixture of animal
and plant sources of protein. Animal sources, particularly
red meat, may lead to CVD because of their saturated fat
(16, 20]. Also, we were interested in low fat dairy products
as animal sources, which may lead to attenuation of bone
loss [35], an important concern in postmenopausal women.
We controlled some important potential confounders which
may affect CVD risk factors. Additionally, use of the Maroni
formula in conjunction with the analysis of dietary intake
aided in assessing protein intake. One limitation is that we
were not capable of blinding the dietitian because we were
using a dietary intervention. Also, as the trial was conducted
among only women, we cannot generalize the results to
the general population. The study follow-up period was
relatively short, only three months. Given the varied effects
of dietary interventions depending on the intervention dura-
tion, additional studies with longer follow-up periods are
needed. Longitudinal dietary interventions are important
in order to gain a better understanding of long-term diet
adherence and more precise estimates of the effects. However,
difficulties such as budget limitations and lower compliance
of participants in longitudinal dietary trials may provide
challenges. To further assess the importance of HP diets
on CVD risk factors, further research should be conducted
using varied proportions of protein, and research should be
conducted in different populations with longer intervention
periods. Participants did not mention any specific adverse
events in the present study. This might be due to the kinds
of protein sources in our prescribed diet compared to those
of previous studies, as we provided a high protein diet using
varied sources of protein. One kind of dairy that is often
preferred by Iranians is yogurt, which may also protect from
many gastrointestinal disorders. These balanced sources of
dietary protein may be one reason that we did not receive
any reports of adverse effects. As the reports show some
unfavorable dietary behaviors among Iranian population [36,
37], conducting interventional dietary research to clarify the
suitable diet is necessary.

5. Conclusion

Both prescribed diets had positive effects on anthropomet-
ric measurements, but the HP diet resulted in a greater
reduction of body weight and waist circumference. Under
isoenergetic weight loss diets, total cholesterol, hs-CRP, and
SBP were marginally significantly reduced independent of
dietary protein content. We were unable to observe significant
changes in DBP, HDL-c, and LDL-c cholesterol in the present
study. FBG was substantially reduced in both diet groups
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with a greater reduction in the control group. Hence, an
HP diet consisting of 50% plant and 50% animal sources
of protein can reduce weight and waist circumference more
than a standard protein diet among overweight and obese
women. Further investigations are warranted to confirm
these findings and elucidate the potential mechanisms that
may explain the changes in anthropometric measurements
following an HP diet.

Conflict of Interests

None of the authors have any conflict of interests.

Acknowledgments

Istahan University of Medical Sciences supported this paper.
The authors express their thankfulness to the participants.

References

[1] A.E. Altinova, E. Toruner, N. Bukan et al., “Decreased plasma
adiponectin is associated with insulin resistance and HDL
cholesterol in overweight subjects,” Endocrine Journal, vol. 54,
no. 2, pp. 221-226, 2007,

A. Esmaillzadeh and L. Azadbakht, “Major dietary patterns in

relation to general obesity and central adiposity among Iranian

women,” Journal of Nutrition, vol. 138, no. 2, pp. 358-363, 2008.

[3] T. Kelly, W. Yang, C.-S. Chen, K. Reynolds, and J. He, “Global
burden of obesity in 2005 and projections to 2030, International
Journal of Obesity, vol. 32, no. 9, pp. 1431-1437, 2008.

[4] A. Halpern, M. C. Mancini, M. E. C. Magalhaes et al., “Meta-
bolic syndrome, dyslipidemia, hypertension and type 2 diabetes
in youth: from diagnosis to treatment,” Diabetology & Metabolic
Syndrome, vol. 2, no. 1, article 55, 2010.

S

[5] E Hosseinpanah, M. Barzin, P. S. Eskandary, P. Mirmiran, and
E. Azizi, “Trends of obesity and abdominal obesity in Tehranian
adults: a cohort study; BMC Public Health, vol. 9, article 426,
20009.

[6] M.I. Spagnuolo, M. P. Cicalese, M. A. Caiazzo et al., “Relation-
ship between severe obesity and gut inflammation in children:
what’s next?” Italian Journal of Pediatrics, vol. 36, no. 1, p. 66,
2010.

[7] M.S. E. Lavrador, P. T. Abbes, M. A. M. S. Escrivdo, and J. A. de
Aguiar Carrazedo Taddei, “Cardiovascular risks in adolescents
with different degrees of obesity,” Arquivos Brasileiros de Cardi-
ologia, vol. 96, no. 3, pp. 205-210, 2011.

[8] E. Nasseri, S. A. Keshavarz, M. Djalali, M. Hosseini, and M.
Chamary, “Effect of modest weight loss on cardiovascular
inflammatory markers in obese women,” ARYA Atherosclerosis
Journal, vol. 2, pp. 204-207, 2007.

[9] Y. W. Aude, A.S. Agatston, E Lopez-Jimenez et al., “The national
cholesterol education program diet vs a diet lower in carbo-
hydrates and higher in protein and monounsaturated fat: a
randomized trial,” Archives of Internal Medicine, vol. 164, no. 19,
pp. 2141-2146, 2004.

[10] A. M. Johnstone, G. W. Horgan, S. D. Murison, D. M. Bremner,
and G. E. Lobley, “Effects of a high-protein ketogenic diet on
hunger, appetite, and weight loss in obese men feeding ad
libitum,” American Journal of Clinical Nutrition, vol. 87, no. 1,
pp. 44-55, 2008.

[11] L. Treyzon, S. Chen, K. Hong et al., “A controlled trial of protein
enrichment of meal replacements for weight reduction with
retention of lean body mass,” Nutrition Journal, vol. 7, no. 1,
article 23, 2008.

[12] C.S.Johnston, C.S. Day, and P. D. Swan, “Postprandial thermo-

genesis is increased 100% on a high-protein, low-fat diet versus

a high-carbohydrate, low-fat diet in healthy, young women,”

Journal of the American College of Nutrition, vol. 21, no. 1, pp.

55-61, 2002.

P. J. Gately, N. A. King, H. C. Greatwood et al., “Does a high-

protein diet improve weight loss in overweight and obese chil-

dren?” Obesity, vol. 15, no. 6, pp. 1527-1534, 2007.

L. S. Evangelista, D. Heber, Z. Li, S. Bowerman, M. A. Hamilton,

and G. C. Fonarow, “Reduced body weight and adiposity with

a high-protein diet improves functional status, lipid profiles,

glycemic control, and quality of life in patients with heart

failure: a feasibility study,” Journal of Cardiovascular Nursing,

vol. 24, no. 3, pp. 207-215, 2009.

[15] T. P. Wycherley, M. Noakes, P. M. Clifton, X. Cleanthous, J.
B. Keogh, and G. D. Brinkworth, “A high-protein diet with
resistance exercise training improves weight loss and body
composition in overweight and obese patients with type 2
diabetes,” Diabetes Care, vol. 33, no. 5, pp. 969-976, 2010.

[16] M. Noakes, J. B. Keogh, P. R. Foster, and P. M. Clifton, “Effect of
an energy-restricted, high-protein, low-fat diet relative to a con-
ventional high-carbohydrate, low-fat diet on weight loss, body
composition, nutritional status, and markers of cardiovascular
health in obese women,” American Journal of Clinical Nutrition,
vol. 81, no. 6, pp. 1298-1306, 2005.

[17] P. M. Clifton, J. B. Keogh, and M. Noakes, “Long-term effects
of a high-protein weight-loss diet,” American Journal of Clinical
Nutrition, vol. 87, no. 1, pp. 23-29, 2008.

[18] J. Bowen, M. Noakes, and P. M. Clifton, “Effect of calcium
and dairy foods in high protein, energy-restricted diets on
weight loss and metabolic parameters in overweight adults,”
International Journal of Obesity, vol. 29, no. 8, pp. 957-965, 2005.

[19] W. W. Campbell and M. Tang, “Protein intake, weight loss, and
bone mineral density in postmenopausal women,” The Journals
of Gerontology: Series A, vol. 65, no. 10, pp. 1115-1122, 2010.

[20] E. Farnsworth, N. D. Luscombe, M. Noakes, G. Wittert, E.
Argyiou, and P. M. Clifton, “Effect of a high-protein, energy-
restricted diet on body composition, glycemic control, and lipid
concentrations in overweight and obese hyperinsulinemic men
and women,” American Journal of Clinical Nutrition, vol. 78, no.
1, pp. 31-39, 2003.

[21] N. D. Luscombe-Marsh, M. Noakes, G. A. Wittert, J. B. Keogh,
P. Foster, and P. M. Clifton, “Carbohydrate-restricted diets high
in either monounsaturated fat or protein are equally effective
at promoting fat loss and improving blood lipids,” American
Journal of Clinical Nutrition, vol. 81, no. 4, pp. 762-772, 2005.

[22] D. K. Layman, E. Evans, J. I. Baum, J. Seyler, D. J. Erickson, and
R. A. Boileau, “Dietary protein and exercise have additive effects
on body composition during weight loss in adult women,”
Journal of Nutrition, vol. 135, no. 8, pp. 1903-1910, 2005.

[23] K. A. Meckling and R. Sherfey, “A randomized trial of a
hypocaloric high-protein diet, with and without exercise, on
weight loss, fitness, and markers of the metabolic syndrome
in overweight and obese women,” Applied Physiology, Nutrition
and Metabolism, vol. 32, no. 4, pp. 743-752, 2007.

[24] N. H. Baba, S. Sawaya, N. Torbay, Z. Habbal, S. Azar, and S.
A. Hashim, “High protein vs high carbohydrate hypoenergetic
diet for the treatment of obese hyperinsulinemic subjects;’

=
2

(14



International Journal of Obesity, vol. 23, no. 11, pp. 1202-1206,
1999.

[25] C. Zed and W. P. T. James, “Dietary thermogenesis in obesity
response to carbohydrate and protein meals: the effect of S-
adrenergic blockade and semistarvation,” International Journal
of Obesity, vol. 10, no. 5, pp. 391-405, 1986.

[26] M. ]. Dauncey and S. A. Bingham, “Dependence of 24 h energy
expenditure in man on the composition of the nutrient intake,”
British Journal of Nutrition, vol. 50, no. 1, pp. 1-13, 1983.

[27] L. C. Duckworth, P. J. Gately, D. Radley, C. B. Cooke, R. E G.
J. King, and A. J. Hill, “RCT of a high-protein diet on hunger
motivation and weight-loss in obese children: an extension and
replication,” Obesity, vol. 17, no. 9, pp. 1808-1810, 2009.

[28] P. M. Piatti, L. D. Monti, FE Magni et al, “Hypocaloric
high-protein diet improves glucose oxidation and spares lean
body mass: comparison to hypocaloric high-carbohydrate diet,”
Metabolism, vol. 43, no. 12, pp. 1481-1487, 1994.

[29] J. P. Despres, “Obesity and lipid metabolism: relevance of body
fat distribution,” Current Opinion in Lipidology, vol. 2, pp. 5-15,
1991.

[30] K.A.McAuley, C. M. Hopkins, K. J. Smith et al., “Comparison of
high-fat and high-protein diets with a high-carbohydrate diet in
insulin-resistant obese women,” Diabetologia, vol. 48, no. 1, pp.
8-16, 2005.

[31] T. A. Lennie, “Nutritional recommendations for patients with
heart failure,” Journal of Cardiovascular Nursing, vol. 21, no. 4,
pp. 261-268, 2006.

[32] B. M. Wolfe and P. M. Giovannetti, “Short-term effects of
substituting protein for carbohydrate in the diets of moderately
hypercholesterolemic human subjects,” Metabolism, vol. 40, no.
4, pp. 338-343, 1991.

[33] J. A. Martinez, M. S. Corbalan, A. Sdnchez-Villegas, L. Forga, A.
Marti, and M. A. Martinez-Gonzélez, “Obesity risk is associated
with carbohydrate intake in women carrying the GIn27Glu [32-
adrenoceptor polymorphism,” Journal of Nutrition, vol. 133, no.
8, pp. 2549-2554, 2003.

[34] B. Parker, M. Noakes, N. Luscombe, and P. Clifton, “Effect of
a high-protein, high-monounsaturated fat weight loss diet on
glycemic control and lipid levels in type 2 diabetes,” Diabetes
Care, vol. 25, no. 3, pp. 425-430, 2002.

[35] M. P. Thorpe, E. H. Jacobson, D. K. Layman, X. He, P. M. Kris-
Etherton, and E. M. Evans, “A diet high in protein, dairy, and
calcium attenuates bone loss over twelve months of weight loss
and maintenance relative to a conventional high-carbohydrate
diet in adults,” Journal of Nutrition, vol. 138, no. 6, pp. 1096-1100,
2008.

[36] L. Azadbakht and A. Esmaillzadeh, “Dietary and non-dietary
determinants of central adiposity among Tehrani women,’
Public Health Nutrition, vol. 11, no. 5, pp. 528-534, 2008.

[37] L. Azadbakht, P. Mirmiran, A. Esmaillzadeh, and F. Azizi,
“Dietary diversity score and cardiovascular risk factors in
Tehranian adults,” Public Health Nutrition, vol. 9, no. 6, pp. 728—
736, 2006.

International Journal of Endocrinology



